
US 20020197825A1 

(12) Patent Application Publication (10) Pub. N0.2 US 2002/0197825 A1 
(19) United States 

Usui et al. (43) Pub. Date: Dec. 26, 2002 

(54) SEMICONDUCTOR SUBSTRATE MADE OF 
GROUP III NITRIDE, AND PROCESS FOR 
MANUFACTURE THEREOF 

(76) Inventors: Akira Usui, Tokyo (JP); Masatomo 
Shibata, Ibaraki (JP); Yuichi Oshima, 
Ibaraki (JP) 

Correspondence Address: 
YOUNG & THOMPSON 
745 SOUTH 23RD STREET 2ND FLOOR 
ARLINGTON, VA 22202 

(21) Appl. No.: 10/105,404 

(22) Filed: Mar. 26, 2002 

(30) Foreign Application Priority Data 

Mar. 27, 2001 (JP) .................................... .. 2001-090148 

Oct. 1, 2001 (JP) .................................... .. 2001-305055 

Mar. 8, 2002 (JP) .................................... .. 2002-064345 

Publication Classi?cation 

(51) Int. C1.7 ............... .. H01L 31/0328; H01L 31/0336; 
H01L 31/109; H01L 21/30; 
H01L 31/072; H01L 21/46; 
H01L 21/28; H01L 21/3205 

(52) us. Cl. ....................... .. 438/459; 438/458; 438/604; 
257/189 

(57) ABSTRACT 

To provide a semiconductor substrate of a group III nitride 
With loW defect density and little Warp, this invention 
provides a process comprising such steps of: 

forming a GaN layer 2 on a sapphire substrate 1 of the 
C face ((0001) face); forming a titanium ?lm 3 
thereon; heat-treating the substrate in an atmosphere 
containing hydrogen gas or a gas of a compound 
containing hydrogen to form voids in the GaN layer 
2; and thereafter forming a GaN layer 4 on the GaN 
layer 2'. 
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Fig. 7 
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Fig. 13 
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SEMICONDUCTOR SUBSTRATE MADE OF 
GROUP III NITRIDE, AND PROCESS FOR 

MANUFACTURE THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to a crystalline sub 
strate of a nitride-based compound semiconductor, and a 
process for manufacture thereof. 

BACKGROUND TO THE INVENTION 

[0002] GaN-based compound semiconductors, such as 
gallium nitride (GaN), indium gallium nitride (InGaN) and 
gallium aluminum nitride (GaAlN), are spotlighted as mate 
rials for a blue-light-emitting diode (LED) and a laser diode 
(LD). Furthermore, development for the application of GaN 
based compound semiconductors for electronic devices has 
been started utiliZing their features of high heat resistance 
and environment friendliness. 

[0003] The bulk crystal groWth of GaN-based compound 
semiconductors is dif?cult; therefore, a GaN substrate that 
could be adapted to practical use has not yet been obtained. 
Asubstrate for GaN groWth Widely put to practical use today 
is sapphire, and a method for the epitaXial groWth of GaN on 
a single-crystal sapphire substrate by metal-organic vapor 
phase epitaXy (MOVPE) technique and the like is commonly 
used. 

[0004] Since the lattice constant of a sapphire substrate 
differs from that of GaN, a continuous GaN single crystal 
line ?lm cannot be groWn directly on the sapphire substrate. 
Therefore, a process Wherein the strain of the lattice is 
relieved by a buffer layer of AlN or GaN groWn on the 
sapphire substrate at a loW temperature, and then GaN is 
groWn thereon has been proposed (Japanese Patent Laid 
Open No. 63-188983). The use of a nitride layer groWn at a 
loW temperature as a buffer layer has enabled the single 
crystalline epitaXial groWth of GaN. HoWever, even this 
method cannot compensate the lattice-mismatch betWeen 
the substrate and the crystal, and the GaN ?lm has numerous 
defects. These numerous defects are considered to interfere 
With the manufacture of a GaN-base LD. In recent years, as 
a method for reducing the density of the defects caused by 
the difference in lattice constants betWeen sapphire and 
GaN, crystal groWth techniques, such as ELO (Appl. Phys. 
Lett. 71 (18) 2638 (1997)), FIELD (Jpn. J. Appl. Phys. 38, 
L184 (1999)), and pendeo epitaXy (MRS Internet J. Nitride 
Semicond. Res. 4S1, G3.38 (1999)) have been reported, and 
GaN epitaXial Wafers having a drastically high crystalline 
quality have been obtained. 

BRIEF SUMMARY OF THE INVENTION 

[0005] Object of the Invention 

[0006] Although single crystalline GaN layers With loW 
defect density have been able to groW using methods such as 
ELO and FIELO, the above-described epitaXial Wafer has 
still had a problem of the Warp of the substrate caused by 
difference in lattice constants or coef?cients of thermal 
expansion betWeen sapphire and GaN. If a substrate is 
Warped, not only the substrate is broken easily during 
handling, but When a mask pattern is printed on the substrate 
in the photolithography step in the device process and the 
like, the image cannot be projected in focus uniformly on the 
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surface of the substrate, and thus the yield of device manu 
facturing loWers. For these reasons, the development of a 
Warp-free GaN epitaxial substrate having loW defect density 
is strongly demanded. Furthermore, although the develop 
ment of a Warp-free GaN bulk substrate having loW defect 
density is mostly desired, the fabrication of a large bulk GaN 
crystal is very dif?cult, and the crystal that can be adapted 
to practical use has not yet been obtained. Recently, there 
has been proposed a method for producing a freestanding 
GaN substrate by the hetero-epitaxial groWth of a thick GaN 
?lm on a substrate using HVPE (hydride vapor phase 
epitaXy) method or the like, then removing the substrate. In 
this method, hoWever, the technique for separating the GaN 
groWn from the sapphire substrate by etching has not yet 
been developed. Although a method for mechanically 
removing the sapphire substrate by polishing has been tried, 
it has not yet put to practical use because the Warp of the 
substrate is enhanced during the step of polishing and the 
substrate may happen to break. A method Wherein a thick 
GaN layer is groWn by HVPE method, then radiating laser 
pulses to peel only the GaN layer off Was reported in Jpn. J. 
Appl. Phys. Vol. 38 (1999) Pt. 2, No. 3A. HoWever, this 
method also has a problem that the crack in substrate is 
easily induced. As a method using a substrate that can be 
removed easily, Japanese Patent Laid-Open No. 2000 
012900 discloses a method for groWing a thick GaN layer on 
a GaAs substrate by HVPE method, then removing the GaAs 
substrate. Although a GaN substrate of large dimensions can 
be produced at a relatively high yield by using this method, 
it has a problem that the GaAs substrate decomposes during 
the groWth of GaN crystals, and As miXes in the GaN as an 
impurity. In order to reduce the defect density of epitaXially 
groWn GaN, although selective groWth using a patterned 
mask as in the above-described FIELO is effective, and such 
techniques Were disclosed in Japanese Patent Laid-Open No. 
10-312971 (1998) and so on, this approach has not yet been 
applied to the manufacture of a freestanding GaN substrate, 
because there have not been a technique for separating the 
substrate easily. 

SUMMARY OF THE INVENTION 

[0007] In light of the above problems, an object of the 
present invention is to provide a semiconductor substrate of 
a group III nitride having a loW defect density and little 
Warp. 

[0008] According to the present invention, there is pro 
vided a process for manufacturing a semiconductor substrate 
made of a group III nitride, comprising the steps of: 

[0009] heat-treating a basal substrate having a ?rst 
semiconductor layer of a group III nitride formed on 
a base material or a basal substrate comprising a ?rst 
semiconductor layer of a group III nitride to form 
voids in the ?rst semiconductor layer of a group III 
nitride, and 

[0010] forming a second semiconductor layer of a 
group III nitride on the ?rst semiconductor layer of 
the group III nitride. 

[0011] Also according to the present invention, there is 
provided a process for manufacturing a semiconductor sub 
strate made of a group III nitride, comprising the steps of: 

[0012] forming a metal ?lm on a basal substrate 
having a ?rst semiconductor layer of a group III 
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nitride formed on a base material or a basal substrate 
comprising a ?rst semiconductor layer of a group III 
nitride, 

[0013] heat-treating the substrate in an atmosphere 
containing hydrogen gas or hydrogen-containing 
compound gas to form voids in the ?rst semicon 
ductor layer of a group III nitride, and 

0014 formin a second semiconductor la er of a g y 
group III nitride on the metal ?lm. 

[0015] Also according to the present invention, there is 
provided a process for manufacturing a semiconductor sub 
strate made of a group III nitride, comprising the steps of: 

[0016] forming a metal ?lm on a basal substrate 
having a ?rst semiconductor layer of a group III 
nitride formed on a base material or a basal substrate 

comprising of a ?rst semiconductor layer of a group 
III nitride, 

[0017] heat-treating the basal substrate in an atmo 
sphere containing nitrogen gas, oxygen gas or a 
mixture of nitrogen gas and oxygen gas to form 
voids in the ?rst semiconductor layer of the group III 
nitride, and 

0018 formin a second semiconductor la er of a g y 
group III nitride on the metal ?lm. 

[0019] Also according to the present invention, there is 
provided a process for manufacturing a semiconductor sub 
strate made of a group III nitride, comprising the steps of: 

[0020] forming a metal ?lm on a basal substrate 
having a ?rst semiconductor layer of a group III 
nitride formed on a base material or a basal substrate 

consisting of a ?rst semiconductor layer of a group 
III nitride, 

[0021] heat-treating the basal substrate in an atmo 
sphere containing nitrogen gas or nitrogen-contain 
ing compound gas to convert the surface of the metal 
?lm into the nitride thereof, 

[0022] heat-treating the substrate in an atmosphere 
containing hydrogen gas or hydrogen-containing 
compound gas to form voids in the ?rst semicon 
ductor layer of the group III nitride, and 

0023 formin a second semiconductor la er of a g y 
group III nitride on the metal ?lm. 

[0024] Also according to the present invention, there is 
provided a process for manufacturing a semiconductor sub 
strate made of a group III nitride, comprising the steps of: 

[0025] forming a metal ?lm on a basal substrate 
having a ?rst semiconductor layer of a group III 
nitride formed on a base material or a basal substrate 
comprising a ?rst semiconductor layer of a group III 
nitride, 

[0026] heat-treating the basal substrate in an atmo 
sphere containing nitrogen gas or nitrogen-contain 
ing compound gas and also hydrogen gas or hydro 
gen-containing compound gas to form voids in the 
?rst semiconductor layer of the group III nitride, and 
also to convert the surface of the metal ?lm into the 
nitride thereof simultaneously, and 
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[0027] forming a second semiconductor layer of a 
group III nitride on said metal ?lm. 

[0028] Further, according to the present invention, there is 
provided a semiconductor substrate made of a group III 
nitride comprising 

[0029] a basal substrate having a ?rst semiconductor 
layer of a group III nitride formed on a base material 
or a basal substrate comprising a ?rst semiconductor 
layer of a group III nitride, and a second semicon 
ductor layer of a group III nitride formed on said 
basal substrate, 

[0030] Wherein a metal ?lm or a metal nitride ?lm 
intervenes betWeen said ?rst semiconductor layer of 
the group III nitride and said second semiconductor 
layer of the group III nitride, and voids are provided 
in said ?rst semiconductor layer of the group III 
nitride. 

[0031] According to the present invention, there is pro 
vided a semiconductor substrate made of a group III nitride 
comprising 

[0032] a basal substrate having a ?rst semiconductor 
layer of a group III nitride formed on abase material 
or a basal substrate comprising a ?rst semiconductor 
layer of a group III nitride, and a second semicon 
ductor layer of a group III nitride formed on said 
basal substrate, 

[0033] Wherein voids are provided in said ?rst semi 
conductor layer of a group III nitride, and the per 
centage of the voids in said ?rst semiconductor layer 
of a group III nitride is no less than 20% but no more 
than 90% by volume. 

[0034] Also according to the present invention, there is 
provided a semiconductor substrate made of a group III 
nitride comprising 

[0035] a semiconductor layer of a group III nitride 
manufactured by forming said semiconductor layer 
of the group III nitride on a basal substrate having a 
semiconductor layer containing voids formed on a 
base material and a metal ?lm or a metal nitride ?lm 
formed thereon, and then separating said semicon 
ductor layer of the group III nitride from said basal 
substrate. 

[0036] In the manufacturing process according to the 
present invention, a constitution Wherein ?ne holes are 
formed in the metal ?lm or the metal nitride ?lm as a result 
of heat treatment may be adopted. 

[0037] Since the present invention adopts a structure 
Wherein a semiconductor layer of a group III nitrides are 
layered on the surface of a layer having voids, the present 
invention exerts the folloWing effects: 

[0038] Firstly, a semiconductor substrate of a group III 
nitride having a loW defect density and a high crystal quality 
can be obtained. This is because the layer having voids acts 
as a strain-relieving layer, Which Will relieve strain caused 
by difference in lattice constants or coef?cients of thermal 
expansion betWeen the basal substrate and the second semi 
conductor layer of the group III nitride. 
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[0039] Secondly, the Warp of the obtained semiconductor 
substrate can be reduced signi?cantly, and thereby the yield 
in the photolithography step in the device process can be 
improved. This is because the layer having voids acts as a 
strain-relieving layer, Which Will relieve strain caused by 
difference in lattice constants or coef?cients of thermal 
expansion betWeen the basal substrate and the second semi 
conductor layer of the group III nitride. 

[0040] Thirdly, since the basal substrate can be removed 
easily, a freestanding substrate of a Well-shaped GaN single 
crystal Without cracks and faults can be obtained easily. This 
is because a layer having voids are intervened betWeen the 
basal substrate and the second semiconductor layer of a 
group III nitride, and thereby the basal substrate can be 
removed easily by means of a chemical agent, a mechanical 
impact or the like. 

[0041] As a method for forming a GaN layer on a layer 
having voids, Japanese Patent Laid-Open No. 2000-277435 
discloses a method Wherein an anti-surfactant region (Si 
remaining portion) is formed, and a GaN-based semicon 
ductor is groWn on this region While remaining a cavity to 
reduce dislocation density. In contrast, in the present inven 
tion, ?ner voids are formed densely and uniformly. By 
forming such voids, since the strain relieving effect becomes 
more signi?cant, and the chemical agent becomes easier to 
permeate, it is easier to remove the basal substrate. 

[0042] Although various methods may be selected for 
forming voids in a semiconductor layer of a group III nitride, 
the above-described method Wherein the metal ?lm is 
formed on the ?rst semiconductor layer of the group III 
nitride, and then the substrate is heat-treated in an atmo 
sphere containing hydrogen gas or a gas of a compound 
containing hydrogen can be preferably used. Furthermore, 
the substrate may be heat-treated in an atmosphere contain 
ing nitrogen gas, oxygen gas or a mixture thereof. By this 
heat treatment, the crystal structure of the ?rst semiconduc 
tor layer of a group III nitride is decomposed, and compo 
nent elements, such as nitrogen, Will vaporiZe, resulting in 
the formation of voids in the layer. According to this method, 
a porous layer having a structure that can suf?ciently relieve 
strain can be formed stably under good control. In particular, 
the adequate selection of heat-treatment conditions may 
attain a desired percentage of voids under good control. 

BRIEF DESCRIPTION OF THE DRAWING 

[0043] FIG. 1 is a sectional vieW shoWing a semiconduc 
tor substrate according to the present invention. 

[0044] FIG. 2 is sectional vieWs shoWing the steps of a 
process for manufacturing a semiconductor substrate 
according to the present invention. 

[0045] FIG. 3 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate 
according to the present invention. 

[0046] FIG. 4 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate 
according to the present invention. 

[0047] FIG. 5 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate 
according to the present invention. 
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[0048] FIG. 6 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate. 

[0049] FIG. 7 is a photographical printing-out shoWing a 
sectional vieW of a semiconductor substrate according to the 
present invention, by means of SEM observation. 

[0050] FIG. 8 is a graph shoWing a result of X-ray 
diffraction measurement of a substrate obtainable by the 
process of example, according to the present invention. 

[0051] FIG. 9 is a graph shoWing a result of X-ray 
diffraction measurement of another substrate obtainable by 
the process of example, according to the present invention. 

[0052] FIG. 10 is a photographical printing-out shoWing a 
SEM observation vieW of surface morphology of TiN top 
layer obtainable by the process of example 9, according to 
the present invention. 

[0053] FIG. 11 is a photographical printing-out shoWing a 
SEM observation vieW of section of a basal substrate 
obtainable by the process of example 9, according to the 
present invention. 

[0054] FIG. 12 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate 
according to the present invention. 

[0055] FIG. 13 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate 
according to the present invention. 

[0056] FIG. 14 is sectional vieWs shoWing the steps in a 
process for manufacturing a semiconductor substrate 
according to the present invention. 

[0057] FIG. 15 is a photographical printing-out shoWing a 
?uorescence-microscopic observation vieW of section of a 
freestanding GaN substrate obtainable by the crystal groWth 
using 2% hydrogen gas containing nitrogen gas mixture as 
a carrier gas, according to the present invention. 

[0058] FIG. 16 is a photographical printing-out shoWing a 
?uorescence-microscopic observation vieW of section of a 
freestanding GaN substrate obtainable by the crystal groWth 
using 10% hydrogen gas containing nitrogen gas mixture as 
a carrier gas, according to the present invention. 

[0059] FIG. 17 is a graph shoWing a full-Width at half 
maximum (FWHM) observed in X-ray diffraction rocking 
curve measurement and a radius of curvature of a freestand 

ing GaN substrate plotted against hydrogen containing ratio 
of mixture used as a carrier gas for crystal groWth, in a 
process according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] The inventors of the present invention founds that 
When a speci?c metal, such as titanium, nickel, tantalum, 
tungsten or the like, is laminated on a semiconductor layer 
of a group III nitride, and heat treatment is performed in an 
atmosphere containing hydrogen, voids are formed in the 
semiconductor layer of a group III nitride. Furthermore, the 
inventors found that if the surface of a titanium ?lm is 
converted into its nitride, a single crystal of a semiconductor 
of a group III nitride can be groWn epitaxially thereon. 

[0061] Since if a ?lm of a metal, such as titanium, is 
exposed in an atmosphere Where a second semiconductor 



US 2002/0197825 Al 

layer of a group III nitride is grown, the surface thereof Will 
suffer nitri?cation, the speci?c step for nitri?cation is not 
necessarily required to employ; hoWever, it is preferable to 
independently provide such a step for controlling the degree 
of nitri?cation in order to raise the reproducibility of the 
epitaxial groWth of the second semiconductor layer of a 
group III nitride. Also, titanium can be converted into its 
nitride at the same time of forming voids by introducing 
nitrogen gas or a gas of a compound containing nitrogen 
atoms together With hydrogen gas in the heat treatment 
ambient for the step of void formation. The ?rst semicon 
ductor layer of a group III nitride having voids has effects to 
relieve strain caused by difference in lattice constants, and 
especially in the coef?cients of thermal expansion betWeen 
the sapphire substrate and the second semiconductor layer of 
a group III nitride, Which enables one to reduce defect 
densities and to fabricate a semiconductor substrate of a 
group III nitride With little Warp. In addition, the ?lm of a 
metal, such as titanium, helps the formation of voids in the 
underlying ?rst semiconductor layer of a group III nitride, 
and at the same time, plays a role as a buffer layer to 
epitaxially groW a second semiconductor layer of a group III 
nitride With high crystalline quality thereon. 
[0062] As methods to deposit the metal ?lm, vapor depo 
sition, sputtering, various CVD techniques, or the like can be 
utiliZed. It is preferable that the metal ?lm or the nitri?ed 
metal ?lm has a ?at surface, and covers the entire surface of 
the basal substrate; hoWever, even if the ?lm has ?ne holes, 
the second semiconductor layer of a group III nitride groWn 
thereon can be groWn to cover the holes. In order to reduce 
the defect density in the groWing semiconductor layer of a 
group III nitride, it may rather be better that ?ne holes are 
formed in uniformly scattering manner on the surface of the 
metal ?lm or the nitri?ed metal ?lm. The generation of the 
holes can be controlled by the thickness of the metal ?lm, the 
thickness of the semiconductor layer of a group III nitride on 
the sapphire substrate, or the conditions of heat treatment. 
For example, the heat treatment to nitrify the metal ?lm and 
to form substantially uniform holes therein is preferably 
performed at a temperature of no loWer than 700° C. but no 
higher than 1400° C. If the temperature is loWer than 700° 
C., the nitri?cation reaction does not take place suf?ciently, 
and substantially uniform holes cannot be formed. If the 
temperature is higher than 1400° C., the thermal decompo 
sition of the single crystalline gallium nitride layer takes 
place excessively, and the metal nitride ?lm may happen to 
be peeled. The heat treatment to nitrify the metal ?lm and to 
form substantially uniform holes is preferably performed in 
an atmosphere containing nitrogen gas or a gas of a com 
pound containing nitrogen. The reason is that although the 
nitri?cation of the metal ?lm takes place only by the reaction 
With GaN, the heat treatment Without using these gases Will 
sometimes cause a fragile metal nitride ?lm, or Will alloW 
the metallic Ga formed by the decomposition of GaN to 
remain on the surface of the metal nitride ?lm. 

[0063] As methods to groW a semiconductor of a group III 
nitride in the present invention, various methods including 
MOCVD (metal-organic vapor phase groWth) method, as 
Well as MBE (molecular beam epitaxy), HVPE (hydride 
vapor phase epitaxy) or the like, can be used. In order to 
groW a thick semiconductor ?lm of a group III nitride for 
obtaining a freestanding semiconductor substrate of a group 
III nitride, the use of HVPE is preferable. This is because its 
rate of crystal groWth is so high that a thick ?lm can be 
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obtained easily, and elseWhere, other methods, such as 
MOCVD, or the combination of tWo or more methods may 
also be used; for example, groWing a semiconductor of a 
group III nitride may be performed by MOCVD method to 
some thickness, and then may be folloWed by HVPE method 
to groW a thick semiconductor layer of a group III nitride. 
The material of the mask used for selective groWth may be 
any material as long as the crystals of the semiconductor of 
a group III nitride is not easy to groW thereon, and SiO2 or 
SiNX, for example, may be used. 

[0064] The second semiconductor layer of a Group III 
nitride according to this invention may be formed by using 
a gas mixture of hydrogen and an inert gas as a carrier gas. 
The inert gas can include at least one kind selected from N2, 
He, Ne, Ar, Kr, Xe or Rn. 

[0065] When such an inert gas as N2 is used as a carrier 
gas, voids formed in the ?rst semiconductor layer of a group 
III nitride can be maintained, but the crystalline quality of 
the second semiconductor layer of a group III nitride Will be 
poor and the internal strain thereof Will be increased, leading 
to more occurrence of cracking, Which causes hardness to 
obtain a freestanding substrate of large scale. On the other 
hand, When hydrogen is used as a carrier gas, the crystalline 
quality of the second semiconductor layer of a group III 
nitride Will be good. HoWever, When only hydrogen is used, 
voids formed in the ?rst semiconductor layer of a group III 
nitride may tend to be ?lled up With group III nitride groWn 
at the initial stage of the second layer groWth, and thus such 
an effect to separate easily from the basal substrate may not 
be attained suf?ciently in some cases. 

[0066] FIG. 17 shoWs a typical relation plotting a full 
Width at half-maximum (FWHM) of X ray Rocking Curve 
(XRD), Which is good indication for crystalline quality, and 
a radius of curvature of the Warp for a freestanding substrate, 
Which is good indication for strain in the crystal, against a 
ratio (in % by volume) of hydrogen mixed in a carrier gas 
for preparing the second semiconductor layer of a group III 
nitride. From the plot, When hydrogen is not contained in the 
carrier gas (i.e. the ratio of hydrogen mixed is set 0%), it is 
seen that its FWHM of XRD is larger and its radius of 
curvature is smaller in comparison to the case Where hydro 
gen is contained. In other Words, When hydrogen is not 
contained in the carrier gas, the crystalline quality is poor, 
Which Will result in high probability to generate strain in 
crystal. When the increased ratio of hydrogen in a carrier gas 
is selected, the decreased FWHM of XRD is observed, and 
the increased radius of curvature is obtained. By this Way 
Where hydrogen is contained in the carrier gas, the crystal 
line quality of the second semiconductor layer of a group III 
nitride can be improved to be good, and the strain in the 
crystal can be reduced. In particular, it is found that When the 
ratio of hydrogen mixed in the carrier gas is chosen as no 
less than 5%, the crystalline quality is improved and the 
radius of curvature is increased, and thus the practically 
good freestanding GaN substrate can be obtained. 

[0067] In this vieW, the ratio of hydrogen mixed in a 
carrier gas may be selected preferably as no less than 5% by 
volume, and more preferably as no less than 10% that is the 
critical point above Which FWHM of XRD is approximately 
constant. On the other hand, if the ratio of hydrogen mixed 
in a carrier gas is excessively high, almost of voids formed 
in the ?rst semiconductor layer of a group III nitride are 
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disappeared, Which may affect easy separation of the basal 
substrate. Therefore, the upper limit for the ratio of hydrogen 
mixed in a carrier gas is set preferably as no more than 70% 
by volume, and more preferably as no more than 50%. 

[0068] Furthermore, When the second semiconductor layer 
of a group III nitride is formed, such an inert gas as N2 may 
be used as a carrier gas at the initial stage of groWth, but in 
sequence, the carrier gas may be exchanged to hydrogen to 
groW a layer having an excellent crystalline quality. 

[0069] In the present invention, various base materials can 
be used. For example, substrates of hetero-materials, such as 
sapphire, silicon, SiC, Langasite(La3Ga5SiO14), Al and 
GaAs, or substrates consisting of semiconductors of a group 
III nitride, such as GaN, AlN and AlGaN may be exempli 
?ed. When a sapphire substrate is used, the surface for 
crystal groWth may be selected from, for example, a (0001) 
face or a (1-100) face thereof. When the (0001) face is used, 
each of the GaN layer, the metal layer, and the nitri?ed metal 
layer laminated over can be oriented to the [0001] axis 
direction if belonged to the hexagonal system or to the [111] 
axis direction if belonged to the cubic system, respectively, 
and ?nally, the GaN epitaxial groWth layer lying at the top 
can be a single crystal With a C-face. In this case, although 
an off angle is acceptable, it is preferable that the off angle 
is chosen Within 1° from the C axis. If the off angle exceeds 
1°, it Will affect the orientation of the metal ?lm hardly, and 
sometimes the single crystal of GaN may be hard to groW on 
the outermost surface. Also When the (1-100) face of sap 
phire is used, it is preferable that the off angle is chosen 
Within 1° from that axis. 

[0070] The basal substrate used in the present invention is: 

[0071] a substrate comprising a ?rst semiconductor 
layer of a group III nitride formed on the above 
described base material, or 

[0072] (ii) a substrate comprising a ?rst semiconductor 
layer of a group III nitride. 

[0073] Speci?c examples of include a GaN single 
crystal ?lm formed on a substrate of a hetero-material, such 
as sapphire, optionally through a loW-temperature groWn 
GaN buffer layer. On the other hand, speci?c examples of 
(ii) include a freestanding GaN substrate and a freestanding 
AlGaN substrate. The present invention feature to provide 
voids in the ?rst semiconductor layer of a group III nitride, 
and it is preferable to form these voids in the vicinity of the 
crystal groWth surface of the basal substrate. In other Words, 
in the basal substrate of (i), the voids are preferably formed 
in the ?rst semiconductor layer of the group III nitride; and 
it is preferable in the substrate of (ii) that the voids are 
formed in the vicinity of the surface for crystal groWth in the 
?rst semiconductor layer of the group III nitride. 

[0074] In the present invention, although the ?rst semi 
conductor layer of a group III nitride may be one of various 
semiconductor layers, a semiconductor layer formed from 
GaN, AlGaN, InGaN or InAlGaN is preferable. Through the 
selection of such a material, voids can be formed suf?ciently 
in the layer, the percentage of voids can be Well controlled, 
and thereby the stability of manufacturing is improved. 

[0075] In the present invention, although the thickness of 
the ?rst semiconductor layer of a group III nitride can be 
selected optionally depending on detail of the process, it is 
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preferably no less than 10 nm but no more than 5 pm, and 
more preferably no less than 20 nm but no more than 1 pm. 
By such a choice, the structure having voids can be formed 
With good controllability and reproducibility. If its thickness 
is excessively thin, the control of the percentage of voids 
may be hard to be controlled in the step for forming the 
voids. If its thickness is excessively thick, the formation of 
uniform voids may become dif?cult, and therefore the strain 
relieving effect may become not uniform in the surface of 
the substrate. 

[0076] It is preferable that the metal ?lm used in the 
present invention satis?es the folloWing requirements: 

[0077] The metal ?lm propagates the orientation of 
the basal substrate, and a semiconductor layer of a 
group III nitride can be epitaxially groWn in a prefer 
able manner on the metal ?lm or the metal nitride ?lm. 
It is preferable that the metal ?lm or the metal nitride 
?lm has a crystal system of the hexagonal or cubic 
system; and that it can be oriented to the [0001] axis 
direction if it is of the hexagonal system; or it can be 
oriented to the [111] axis direction if it is of the cubic 
system. 

[0078] (ii) The melting point or the decomposition 
starting temperature of the metal ?lm or the metal 
nitride ?lm is higher than the temperature for groWing 
a second semiconductor layer of a group III nitride 
thereon, and the form of the ?lm can be maintained at 
the groWth temperature. 

[0079] (iii) The vapor pressure of the metal ?lm or the 
metal nitride ?lm at the groWth temperature Where a 
second semiconductor layer of a group III nitride is 
groWn thereon is suf?ciently loW, and no sublimation 
occurs at the groWth temperature. 

[0080] (iv) At the temperature for groWing a second 
semiconductor layer of a group III nitride on the metal 
?lm or the metal nitride ?lm, the metal ?lm does not 
react With the nitride semiconductor, or the starting 
material gas and the groWing atmospheric gas (ammo 
nia gas, hydrogen gas or the like), and thus the above 
described orientation of the C axis is not disturbed. 

[0081] Furthermore, requirements that are preferably sat 
is?ed are as folloWs: 

[0082] (v) The metal ?lm has catalytic function to 
accelerate the decomposition of the underlying ?rst 
semiconductor layer of a group III nitride. 

[0083] (vi) The ratio of effective lattice mismatching of 
the metal ?lm or the metal nitride ?lm to the groWing 
semiconductor layer of a group III nitride is small. It is 
preferable that the ratio of lattice mismatching is 15% 
or less. 

[0084] (vii) Difference in the coef?cients of linear ther 
mal expansion betWeen the metal ?lm or the metal 
nitride ?lm and the second semiconductor layer of a 
group III nitride is small. 

[0085] By selecting of the metal ?lm satisfying these 
requirements, voids that can relieve strain and Warp effec 
tively can be formed in a preferable manner. The materials 
that satisfy these requirements include, for example pre 
ferred, a metal ?lm containing titanium, nickel, tantalum or 
























